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SUMMARY: The objective of this study was to evaluate the bacterial community 
composition in manure collected from finishing swine in two controlled feeding trials with 
varying protein and carbohydrate sources and to assess the potential to produce foam. 
The protein source study included four diets that utilized different combinations of: 
soybean meal, canola meal, corn gluten meal, and poultry meal; and the carbohydrate 
source study included six diets with different combinations of: soybean meal, pearled 
barley, beet pulp, dried distillers grains with solubles (DDGS), soybean hulls and wheat 
bran. DNA was isolated from manure samples and Automated Ribosomal Intergenic 
Spacer Analysis (ARISA) was used to profile bacterial community composition. Manure 
physical properties related to foaming including: methane production rate (MPR, L CH4/g 
VS day); foaming capacity index (FCI), foam stability (FS, min. Protein and carbohydrate 
sources tend to impact microbial community composition more than the amount used. 
Increased methane production rate is somewhat correlated to increased inclusion of corn 
gluten meal and soybean hulls. Foaming capacity and foaming stability were not strongly 
correlated to any particular ration or source used. 
Keywords: ARISA, methane, swine production. 
 
INTRODUCTION 
Spontaneous foam production occurrence in deep-pit manure storages has become 
a major obstacle for the US swine industry (Pepple et al, 2013).  
Causes for this foaming are not yet understood by the scientific community. One 
causality hypothesis to the foam production in swine manure is that protein and 
carbohydrate sources in dietary rations are influencing the bacterial populations in the 
liquid slurry and potentially leading to increased foam occurrence.  
Therefore, the objective of this study was to evaluate the bacterial community 
composition in manure from finishing swine fed with diets varying protein and 
carbohydrate sources and assess its foaming potential. 
 
MATERIAL AND METHODS 
The protein and carbohydrate studies were conducted in two separate feeding trials. 
Each feeding trial was constructed with two 40-day block replicates. For each block, 
twenty-four commercial crossbred pigs weighing approximately 100 kg (initial body 
weight) were placed in individual metabolism crates and fed one of six rations. Animals 
were fed twice daily and manure (feces and urine) was collected daily from each crate and 
added to an independent storage tank for that crate. Upon competition of each block a 
manure sample was collected from each tank for analysis.  
Diets were formulated with different levels of crude protein using corn and soybean 
meal (A, corn plus amino acids; B, corn-soybean meal plus amino acids; C, corn-soybean 
meal) or with different sources of protein (D, corn-canola meal; E, corn-corn gluten meal; 
F, corn-poultry meal). Diets A, B, and C represented low (8.7%), medium (14.8%), and 
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high (17.6%) levels of crude protein (CP), respectively due to the use of supplement 
amino acids added to the ration. Diets D, E, and F utilized alternative protein sources to 
the soybean meal used in diet C, but at the same overall level. All rations were formulated 
to have the same level of crude protein, except ration A, which was a corn ration 
supplemented with amino acids. The other rations evaluated different carbohydrate 
sources (B, pearled barley-soybean meal; C, corn-soybean meal-beet pulp; D, corn-
soybean meal-distillers dried grains with solubles; E, corn-soybean meal-soybean hulls; F, 
corn-soybean meal-wheat bran). 
In order to determine each rations potential for spontaneous foam production 
various physical analysis were performed on the manure by the Agricultural Waste 
Management Laboratory at Iowa State University. This analyzes included methane 
production rate (MPR, L CH4/g VS day), foaming capacity index (FC), and foam stability 
(FS, min). Further descriptions of methods used can be found in Van Weelden et al. 
(2013). 
To determine the microbial community composition in the manure D Genomic DNA 
was extracted from 200 mg manure samples using the FastDNA SPIN Kit for Soil (MP 
Biomedical). Bacterial community composition and richness was assessed using 
automated ribosomal intergenic spacer analysis (ARISA) as described previously (Kent et 
al., 2007; Yannarell and Triplett, 2005). The ARISA method uses polymerase chain 
reaction (PCR) to amplify the internal transcribed spacer region of the bacterial rRNA 
operon. Different lengths of this intergenic spacer region represent different bacterial 
populations, and can be used to develop a DNA fingerprint of the microbial community 
that is analogous to a census of microbial populations. Determination of DNA fragment 
sizes was carried out using GeneMarker version 1.95 (SoftGenetics, State College, PA). 
Patterns of similarity among bacterial communities were assessed using Bray-Curtis 
similarity and non-metric multidimensional scaling (NMDS) analysis implemented in 
PRIMER 6 for Windows (PRIMER-E Ltd, Plymouth, UK). Analysis of similarity (ANOSIM) 
was used to evaluate patterns of microbial community similarity among groups of samples 
(Clarke and Green, 1988). ANOSIM generates a test statistic, R, whose magnitude 
indicates the degree of difference between groups of samples, with a score of 1 indicating 
completely different assemblages among samples, and 0 indicating no distinction in 
composition among samples. ARISA fragments that represent characteristic or 
distinguishing microbial populations of a group of samples were identified using Similarity 
Percentage analysis (SIMPER) (Clarke 1993). Canoco ordination plots were used to 
determine correlation between microbial community composition and physical foaming 
characteristics.   
A correspondence analysis was used to relate foaming capacity, foaming stability 
and methane production rate of the manure to the microbial communities for each ration 
to indicate a ration potential to foam when used in a commercial production facility. 
 
RESULTS AND DISCUSSION 
In general, the microbial communities in the manure samples from each ration were 
found to be similar to one another (R values shown in Table 1). The largest distinctions 
were found when comparing diets A and D (R = .557, corn and canola meal) for the 
protein study and diets B and F (R = .455, pearled barley with soybean meal and corn-
soybean meal with wheat bran) for the carbohydrate study. These results indicate that 
dietary sources rather than composition are stronger drivers of changes in microbial 
community structure.   
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Correspondence analysis showed that foaming manure storages will typically have 
higher MPR, FC and FS characteristics in the manure. Based on the ordination plots in 
Figure 1, ration E for both the protein and carbohydrate study are correlated to higher 
values of MPR. None of the diets had strong correlations to the FC or FS. 
 
CONCLUSIONS 
Protein and carbohydrate sources tend to impact microbial community composition 
more than the amount used. Increased methane production rate is somewhat correlated 
to increased inclusion of corn gluten meal and soybean hulls. Foaming capacity and 
foaming stability were not strongly correlated to any particular ration or source used.  
Additional studies are needed to define the association of foam causality with other 
manures properties and diet composition. 
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Table 1. Anosim microbial community comparisons for the protein and 
carbohydrate studies. 
Diet 1R Statistic for protein study 
comparisons 
2R statistic for carbohydrate study 
comparisons 
A, B 0.291 0.173 
A, C 0.308 0.171 
A, D 0.557 -0.005 
A, E 0.218 0.169 
A, F 0.434 0.182 
B, C 0.000 0.327 
B, D 0.142 0.157 
B, E 0.087 0.273 
B, F 0.099 0.455 
C, D 0.035 0.013 
C, E 0.140 0.142 
1
A: corn plus amino acids; B: corn-soybean meal plus amino acids; C: corn-soybean meal; D: corn-canola 
meal; E: corn-corn gluten meal; F: corn-poultry meal.  
2
A: corn-soybean meal; B: pearled barley-soybean meal; C: corn-soybean meal-beet pulp; D: corn-soybean 
meal-distillers dried grains with solubles; E: corn-soybean meal-soybean hulls; F: corn-soybean meal-wheat 
bran. 
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Figure 1. Correspondence analysis from each ration for the protein1 (left) and 
carbohydrate2 (right). Displayed as arrows: foaming capacity (FC), foaming 
stability (FS), and methane production rate (MPR).  
 
